This paper presents the implementation fuzzy logic control on the battery charging system. To control the charging process is a complex system due to the exponential relationship between the charging voltage, charging current and the charging time. The effective of charging process controller is needed to maintain the charging process. Because if the charging process cannot under control, it can reduce the cycle life of the battery and it can damage the battery as well. In order to get charging control effectively, the Fuzzy Logic Control (FLC) for a Valve Regulated Lead-Acid Battery (VRLA) Charger is being embedded in the charging system unit. One of the advantages of using FLC beside the PID controller is the fact that, we don't need a mathematical model and several parameters of coefficient charge and discharge to software implementation in this complex system. The research is started by the hardware development where the charging method and the combination of the battery charging system itself to prepare, then the study of the fuzzy logic controller in the relation of the charging control, and the determination of the parameter for the charging unit will be carefully investigated. Through the experimental result and from the expert knowledge, that is very helpful for tuning of the membership function and the rule base of the fuzzy controller.
Introduction
When a Valve Regulated Lead Acid Battery (VRLA Battery) is charged by using constant voltage method, at the earlier stage of charging process the voltage will rise slowly. After receiving a certain amount of charge, the voltage will rise quickly and the current limit will be reached almost immediately. The charging process will stay in current limit until the battery charge voltage reaches the predetermined charging voltage. When the battery voltage equals the charger voltage setting, the charging current will begin to fall. The current will decrease exponentially and at some point will achieve a steady-state value -a so called 'float' voltage value [1] .
The stage which the voltage sharp rise, is indicates that the battery is entering the gassing state. Gassing occurs due to the electrolysis of the water content of the electrolyte. It generates O 2 gas at the positive plate and H 2 gas at the negative plate. The batteries charged at low rates experience less gassing and have a superior charging efficiency than those operated at high rates. At low overcharge rates, both processes are in balance and the battery's temperature and pressure are maintained within comfortable ranges. When a battery is charged under a high gassing condition, the recombination process cannot maintained very well, and it will provide higher temperature and the pressure as well. The efficiency of the charge recovery will be very low which may shorten the battery's lifecycle and create an explosion hazard. The level of gassing voltage, which is the terminal voltage while gassing, varies according to battery types and charging conditions [2] . There are several parameters which normally need to be identified for an effective charging process (or control). They are: the types of batteries, the rated capacity, the maximum allowable charging current, the gassing voltage, the battery's charge retention, temperature, manufacturing tolerances, the dynamic 'time-constant' of the battery, the age of the battery and other such parameters which affect the occurrence of gassing. Unfortunately, most of these parameters cannot easily be accessed by users and some of them may also depend on other parameters. Besides that, the common problem of using conventional charger are that the battery will be charged with either too small a current, which result in a long charging time, or too large a current which causes gassing water los, grid corrosion and heat build-up.
In this study, a fuzzy logic controller is designed to provide a suitable level of charging current without needing to identify the battery parameters. The designed system also offers to perform a safety charging process with several protections by monitoring of temperature and current.
Fuzzy Logic Control (FLC) has several advantages, namely [5] :
• Fuzzy logic does not require a nonlinear mathematical model functions, that are very complex.
• Fuzzy logic is extremely flexible • Fuzzy logic can tolerate data that is not appropriate • Fuzzy logic can develop and apply the experiences of experts directly without having to go through the training process.
• Fuzzy logic can work with conventional control techniques. Fuzzy logic control will change and adjust control parameters automatically in accordance with the desired system behavior through a set of rules drawn from the experience of experts in the system.
Design consideration

Design of Battery Charger
VRLA battery is a type of lead acid rechargeable battery that commonly known as sealed battery. The construction of VRLA is different than flooded lead-acid battery. VRLA battery construction does not require regular addition of water to cells and it vents less gas than flooded lead acid battery. VRLA battery can be used in confine space or poor ventilated spaces because of the venting advantage that result in less gas produce [3] . VRLA batteries are commonly classified as AGM battery and gel battery (gel cell). When the battery is recharged at high voltage, typically greater than 2.30 volts per cell, it wills active the pressure relief valve. By releasing the some gas on the battery, it decreased the overall capacity of the battery. They are not permanently sealed, but are maintenance free. Unlike lead acid batteries that must be placed in an upright position to prevent acid spills and to maintain the fixed plate vertically oriented, VRLA Battery can be stored at any position.
This charger method provides a dual level charging process which has three charging states as shown in figure 1.
In the three charging state, a charging cycle normally starts with the bulk charge state. The charger produces a constant charge rate by supply a constant current source to the battery. In this state, the maximum current of the charger flows in to the battery. After the battery voltage reaches a threshold value V H the charger enters the over-charge state. The threshold value V H is a preset voltage limit that already set up in the overcharge region that will not damage the battery. In the over-charge state, the charging current drops exponentially to the certain value I H and at this value the charger achieves a steady state value before the charger enters the final state, called the float charge state. In this states, the maximum energy has been transferred into the battery
The hardware implementation photograph is shown in figure 2 . In the charge controller circuit, we use MOSFET Driver to control the power flow to the battery. A gate driver is a power amplifier that accepts a low-power input from a microcontroller and will produces a high-current drive input for the gate of the MOSFET. According to the battery charging voltage, the controller generates a duty cycle given by the MCU PWM pin. The PWM signal is applied to the MOSFET through gate terminal and it will vary the power that flow through the source terminal of the MOSFET P-channel IRF9540N which can hold a maximum drain to source voltage of 100V and can pass a maximum current of 19A.
B. Sensor
The voltage sensor can easily implemented by using a voltage divider circuit. The microcontroller analog pin input voltage is restricted to 5V, and then we have to design that the output voltage from the voltage divider should be less than 5V. To step down the voltage to lower than 5V, it used R 5 =100kΩ and R 6 =20kΩ in sensing the battery voltage. So by this voltage divider circuit, we can measure the charging voltage directly. The capacitor used parallel with R 6 is used as filter which removes any unwanted ripple/noise signal. The charger equipped with current sensor by using Hall Effect sensor ACS 712. The current sensor is used for measuring the charging current. The third sensor is a temperature sensor. The temperature sensor is used to sense the environment temperature and include the battery temperature as well. We used LM35 temperature sensor which is rated for −55°C to +150°C Range. The battery's chemical reactions change with temperature. As the battery gets warmer, the gassing increases. As the battery gets colder, it becomes more resistant to charging. Depending on how much the battery temperature varies, it is important to adjust the charging process for temperature changes. The temperature sensor will measure the battery temperature, and the controller uses this input to adjust the charge set point as required. The compensation value is -5mv /°C/cell for lead acid type batteries (-30mV/ºC for 12V and -15mV/ºC for 6V battery). The negative sign of temperature compensation indicates, increases in temperature require a reduction in charge set point.
Fuzzy Logic Control Implementation
To design a fuzzy logic controller for a battery charging system, an input membership function relating to battery voltage, a input membership function relating to the battery current, an output membership function of a value relating to PWM duty cycle are constructed in the way that, they in trapezoidal and triangle shape. Table 1 . As the final step in the fuzzy logic controller is to combine the fuzzy output into a crisp system output. Output of the battery charger is duty cycle, to drive the MOSFET in the circuit of the charger. The value is 0 -255, in accordance with the microcontroller PWM signal output. The Fuzzy Inference based on Mandeni's scheme is shown in figure 11 for present voltage of 7.5V, current of 2.5A thereby suggesting a PWM of 82% or 208 cycle.
Result and Conclusion
After several experiments is done by optimization of the fuzzy logic member function and also by analyses the rule base and then redesign the rules, we are success to implemented fuzzy logic in the battery charging as shown in figure 8. The proposed system has good performance characteristics such as proper charging rates and insignificant gassing occurrence. The fuzzy logic has successfully controlled the current charging (PWM signal), it produces lower charging current but the charging process is faster. The algorithm that developed has the capability to detect the temperature change of the battery, in order to protect the battery from gassing. So if the temperature rises, it will adjust the charging voltage with temperature rise by reduce the charging voltage. Then through this way, the charging process will reduce the amount of hydrogen produced which will prevent the battery from explosion hazard and also it can improve the life cycle of the battery. With the implementation of fuzzy logic technique on the system charging, we can avoid the battery from overcharged and the battery temperature stay controlled which will leads to the life span of the battery. 
